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RESEARCHE MEMORANDUM

WING-1I0AD MEASUREMENTS AT SUPERSONIC
SPEEDS OF THE DOUGLAS D-558-IT
RESEARCH ATRPIANE

By Glenn H. Robinson, George E. Cothren, Jr.,
and Chris Pembo

SUMMARY

Flight measurements of the aerodynemic wing loads on the
D-558-IT airplane have been made in the Mach number range from 1.0
to 2.0.

Nonlinear wing-panel characteristics occurred with variations in
engle of attack. These nonlinear characteristics were apparent pri-
marily at the lower supersonic speeds. At these speeds a reduction in
the slope of the wing-panel normel~force curve occurred, .and the wing-
penel center of pressure moved inbosrd and forward at the higher l1ifts.
At the higher Mach numbers where a smaller 1ift range was lnvestigated
small nonlinearities were apparent in the pitching-moment curves.

For comparable 1ift ranges the changes in the wing characteristics
with Mach number were small.

TNTRODUCTION

As a part of the cooperstive Air Force—Navy-—NACA high-speed
flight research program the Douglas D-558-IT research sirplane has been
used in an exploratory program to investigate the 1ift and Mach number
capabilities of the airplane. These tests were conducted over a Mach
number range from 1.0 to 2.0 at altitudes from 40,000 to TO,000 feet.
Measurements of the wing loads were made during these tests In dives
and accelerated mmneuvers by strain-gage methods. The results of the
wing-load measurements are presented herein.
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SYMBOIS

ving-panel bending moment about the gage station, ft-1b

span of right wing panel outbosrd of gage station, ft

BMy
Sw by
1% 72

wing-panel bending-moment coefficient,

wing-panel pitching-moment coefficient about the quarter

chord of the wing panel M.A.C., _?wM.‘.J_
T3 &

airplane normal-force coefficient, nW/qS

airplane normal-force-coefficient slope, per deg

wing-panel normal-force coefficlent,

olelE

wing-panel normal-force-coefficlient slope, per deg

streamwise chord at any section along wing-panel span, ft

fbw/? o Pay

0

mean aerodynamic chord of wing panel,
cwdy

acceleration due to gravity, ft/sec2
pressure altitude, ft
aerodynamic wing-panel load, 1b

Mach number
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xcp

Yep

PO 3

wing-panel pitching moment, ft-1b
airplane normal acceleration, g unitis
dynamic pressure, pV2/2, 1b/sq £t

area of wing bounded by leading edge and trailing edge
extended to the airplane line of symmetry, sq ft

wing-panel area outboard of right wing gege station,
sq Tt

free-stream velocity, ft/sec

alrplsne gross welght, 1b

wing-psnel chordwise center of pressure, percent Cy
wing-panel spanwise center of pressure, percent by/2
lateral displacement, £%

indicated airplane angle of attack, deg

masgs density of air, slugs/ft3

ATRPTANE

The airplane used for these tests was the D-558-IT asirplane modified
for supersonic flight by conversion to an all-rocket airplane. The
airplane has a wing sweepback of 35° measured at the 0.30 chord of the
unswept wing parel, and has a streamwise wing thickness of 8.7 percent
at the root and 9.6 percent at the tip. The airplane has leading-edge
slats which were locked closed during these tests and had a partial
chord fence instelled at 36 percent of the wing semispan for a portion

of these tests.

Table I presents pertinent airplane physical character-

igtics and figure 1 presents a three-view drewing of the airplane. Photo-
graphs of the airplane are shown in figure 2.
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INSTRUMENTATION AND ACCURACY

Standerd NACA recording lnstruments are installed in the airplane
to measure the following quantities pertinent to thils investigation:

Airspeed

Altitude '

Angle of attack and sideslip

Normel, longltudinal, and transverse acceleration
Pitching anguler veloclity and acceleration
Rolling angular velocity and acceleration

Yawing engular velocity
Control positions

Shear, bpending moment, and pitching moment on the right wing were
measured by strain gages installed on the wing spars and skin at the
wing root station 3 inches fram the wing-fuselsge Junction as shown in
figure 1. The outputs of the straln geges were recorded on a multi-
channel recording oscillograph. The deta presented have been corrected
for the inertia of the wing panel and are therefore the serodynamic
loads acting over the wing panel. Based on the results of a static
calibration and an evalustion of the strain-gage response in f£flight,
the estimated accuracies of the meesured shear, bending moment, and
pitching moment are £100 pounds, 400 foot-pounds, and £200 foot-pounds,
respectively.

In order to minimize the errors in total pressure measurements an
NACA type A-6 total pressure head, described in reference 1, was mounted
on the nose boom, and the static-pressure error was calibrated in flight.
The estimated probable error in Mach number ranges from about 0.0l near
M= 1.00 to about 10.0% at M = 2.00. The slightly higher probable
error at the higher speeds is & direct function of the accuracy of the
meagurement of static pressure for the generally higher altitudea at
which the meximum speeds are attained.

The accuracy of estimating the fuel consumed in rocket operations
from fuel scheduling charts results in an estimated error of 1500 pounds
in the weight determinetion. The estimated error in normasl acceleration
1s of the order of £0.02g. The alrplane angle of attack was measured by
a vane located on the nose boom end is presented herein as measured dats.

TESTS

The data presented were obtained during dives and asccelerated
maneuvers at altitudes from 40,000 to 70,000 feet over the Mach number
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range from gbout 1.0 to 2.0. The Reynolds number for these tests varied
Prom about 6 X 106 to 12 x 106 based on wing mean aerodynemic chord.

The data were obtained with the airplane in a clean configuration with
the wing leading-edge slats locked closed. Mosgt of the data were
cobtained with no wing fences. However, for several flights the wing
configuration included fences. Since no differences could be seen to
exist between the data obtained with the wing fences on or off, the data
are used Interchangeably in thig paper.

RESUITS AND DISCUSSION

The serodynamlic characteristics of the D-558-IT wing pasnel are
presented in figure 3 for representative maneuvers at Mach numbers from
1.09 to 1.83. The data shown in figure 3 are presented as the variation
of airplane normal-force coefficient, and right wing-panel normal-force,
bending-moment, and pitching-moment coefficients with indicated angle of
attack. Nonlinear variations ere evident particularly in figures 3(a)
and 3(b) at Mach numbers of,1.09 and 1.17, respectively, as reductions
in the wing-panel normal-force and bending-moment-coefficient slopes and
& chenge in the slope of the wing-panel pltching-moment curve. The
reduction in wing-panel normal-force-coefficient slope is also apparent
in the airplane normal-force-coefflicient slope. These changes occur
near angles of attack of 80 and 11° in figures 3(a) and 3(b), respec-
tively. A reduction in the airplane longitudinal stebility was experi-
enced near these angles of attack as determined by the variation of
elevaetor or stgbilizer position with angle of attack and reported in
reference 2.

At the higher Mach numbers (figs. 3(c) to 3(e)) the noniinearities
in the deta are .not as spparent and are evident primarily in the pitching-
moment curves. At these Mackh numbers it may be noted that the 1ift
coefficlents attained were not comparable to the 1lift coefficients where
the change in slope occurred at the lower Mach numbers.

For comparison, wind-tunnel data showing the veriation of the air-
plane normel-force coefficient with angle of attack obtained from
references 3 and 4 for Mach numbers of 1.2 and 1.61 are shown on
figures 3(b) and 3(d), respectively. The general trends of the flight
end wind-tunnel deta show good agreement, but a& difference in the level
of the flight-test and wind-tunnel dsta is apparent in figure 3(b).

At engles of attack below 8° and 11° in figures 3(a)} and 3(b),
respectively, and over the entire 1lift range investigated at the higher
Mach numbers the wing-panel and airplene normel-force curves are essen-~
tially linear. The wing-panel and airplane normal-force-curve slopes
were therefore obtalned for the linear region by taking slopes of the
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data of figure 3, and are presented in figure 4 as the variation of
airplane and wing-panel normel-force-curve slopes with Mach number.
Both the wing-panel and airplane normsl-forece-curve slopes decrease
from a value of about 0.088 at a Mach number of 1.10 to a value of

gbout 0.050 at & Mach number of 1.85.

The wing-panel deta of figure 3 are presented in figure 5 as the
variation of wing-panel bending-moment, and pitching-moment coefficlents
with wing~panel normsl-force coefficient. Algo shown on this figure is
the variation of the wing~panel lateral and chordwise center of presgsure
with wing-panel normel-force coefficient. The spanwise and chordwlse
center-~of-pressure locatlons are not shown at wing-panel normsl-force
coefficients below 0.2 at & Mach number of 1.83 since their location
becomes meaningless at normal-force coefficients approaching zero. For
reference, the value of wing-penel normal-force coefficient corresponding
to angles of attack of 8° and 11° are indicated on figures 5(a) and 5(b),
respectively, by the vertical lines above the curves.- At these angles
of attack a reduction in the wing-panel bending-moment-coefficient slope
occurs associated with an inboard movement of the lateral center of
pressure. The pitching-moment curve changes 0 an unstable slope asso-
clated with a small forwerd movement of the chordwlse center of pressure.
At even higher 1ifts the pltching-moment curves change to a stable slope
assoclated with a small rearward movement of the chordwise center of
pressure, and an apparent increase 1n the slope of the bending-moment
curve occurs caused by a small outboard movement of the lateral center
of pressure. At the higher Mach numbers the data are essentially linear
with smell veriations in the plitching-moment-coefficient curves.

For comparable 1lift ranges the center-of-pressure movement with
changes in Mach number is small. The spanwlse center of pressure 1s
located at about 39 percent of the wing-panel semispan and the chord-
wise center of pressure 1s located at gbout 3% percent of the wing-
penel mean serodynemlic chord over the speed range of these tests.

. The small changes with Mach number are also illustrated in figure 6
where the wing~panel normal-force, bending-moment, and pitching-moment
coefficlents are presented as variastions with Mech number for constant
airplane normsl-force coefficients of 0.25 and 0.60 over the Mach number
reange from 1.0 to 2.0. At the higher Mach numbers the pitching-moment-
coefflcient data are nobt available.

CONCLUDING REMARKS

Measurements of the wing loads on the D-558-IT airplai.e over the
supersonic Mach nurber range from 1.0 to 2.0 have indicated nonlinear
variations of the wing characteristics with angle of attack. These



NACA RM 54127 s 7

nonlineer characteristics were apparent primarily at the lower supersonic
speeds as a reduction in the wing-panel normsl-force-curve slope, and an
inboard and forward movement of the center of pressure at the higher
lifbs. At the higher Mach numbers, where a smallier 1ift range was Inves-
tigated, the nonlinearities were apparent primerily in the pitching-
moment curves.

For comparable 1ift ranges the changes in the wing characteristics
with Mach number were small.

High-Speed Flight Station,
National Advisory Committee for Aeronasutics,
Edwerds, Calif., December 23, 195k.
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TABIE I

PHYSTICAL. CHARACTERISTICS OF THE DOUGIAS D-558-I1 ATRPLANE

Wing:

Root airfoil section (normal to O. 30 chord of

unswept panel) . e « « +« « « « . TNACA 63-.010
Tip airfoil section (normal to O 30 chord of

unswept panel) . Gt e e e e e e e a4 e e e+« . . NACA 637-012
Total area, sg ft . . ¢« . ¢« ¢« &« ¢ ¢ v ¢ ¢ v o o v s+ & o« « « 175.0
Spen, ft . . . . e e 4 e 4 e e e e e e e e e e 25.0
Mean aerodynamic chord, in. . . . I & 1 - o1
Root chord (parallel to plane of symmetry), n. . . . . . 108.51
Extended tip chord (parallel to plane of symmetry), in. . . . 61.18
Taper ratio . . . .- .. . . e+ . . . 0.565
Aspect ratio . . . . e et e s e e e e« B3.57T0
Sweep at 0.30 chord of unswept panel deg e e e e e e e e 35.0
Sweep of leading edge, deg . . . . e e e e e e e e e e e 38.8
Incidence at fuselage center line, deg e e e e e e e e e e 3.0
Dihedral, deg . . . e et e e n s s e e e e e 4 e -3.0
Geometric twist, deg . . . . « e e e s 0
Total aileron area (rearward of hinge line), sq ft e e e e e 9.8
Alleron travel (each), deg . « . . - . . . e e e e e e +15
Total flep area, s £t . . + ¢« « ¢« + « ¢« « ¢ « v ¢ o o s+ « . 12.58
Flap travel, deg . . . ¢« . & ¢ ¢ ¢ v ¢ ¢« ¢ v 0 44 e o 50

Wing panel:

Area, 8¢ ft . . . . i i i e i e e et e e e e e e e e e e . 127.6
SPBI, FE v v 4 o b e ek e e e e e e e e e e e e e e e e .. 19.5
Mean serodynamic chord, in = 1 5 8

Horizontal tail:
Root airfoil section (normal to 0.30 chord of

unswept panel) . . . « « . . . . NACA 63-010
Tip eirfoil section (normal to o 50 chord of

unswept panel) . . . . . . . . . . e « « « +« +« . . NXNACA 63-010
Total area, 8¢ ft . . . & ¢« &« ¢ v ¢« ¢ 4 ¢ 4 i e v e e e e 39.9
Span, in. . . e 7% S
Mean aerodynamic chord, in .. e 1% I 45
Root chord (parallel to plane of symmetry), fn. . oe e 53.6
Extended tip chord (parallel to plane of symmetry), in ... 26.8
Taper ratio . . . . . e o s . « v e 0.50
Agpect ratioc . . . . e e e e e e e 3.59
Sweep at 0.30 chord line of unswept panel deg e - e+ ... hooo
Dihedral, Geg . . . . . . . .« . . e e e e e e 0
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TABIE I.- Concluded

PHYSICAT. CHARACTERISTICS OF THE DOUGIAS D-558-IT ATRPLANE

Elevator area, sg £ . . « ¢ ¢ v ¢ & v v ¢ @ v e h i e e e 0. 9.4
Elevator travel, deg
Up « « « « & . B T T T T S 25
Dowvn . . . . . . . e e e e e s o s e o s e o e 2 o &« © o a 15
Stebilizer travel, deg
Teading €328 UP + « o = « « « = o + o &« = s & « = + @« o . L
Icading edge AOWmL . « ¢ ¢« ¢« & 4 ¢ 4 o o . 2 s o e s e o o u 5

Vertical tall:
Alrfoil section (normasl to 0.30 chord of
unswept panel) . . . . . . . .« -« « . . Naca 63-010
Effective area (area ebove root chord), sq Pt e 36.6
Height from fuselage reference line, in. . . . . . . . . . . . 98.0
Root chord (chord 2k in. sbove fuselage

reference line), in. . . . e e e e e s e s e . . . 116.8
Extended tip chord (parallel to fuselage reference

Tine), in. . v & & <« 4« 4« . . . Gt e e e e e s e e e .. 27.0
Sweep angle at 0.30 chord of unswept panel, deg S (1= o)
Rudder area (aft hinge line), sg ft . . « « « ¢« « ¢« « « . . . 6.15
Rudder travel, deg . . « = « « o« v 2 +¢ &« o o o o o o o+ & . . 05

Fuselsage:
Iength, £H . . ¢ & ¢ ¢ ¢« ¢ & 0 ¢ ¢ o o o o a « s o = a s o & & k2.0
Moximum diameter, in. . + « . . . 4 s 4 s 4 4 4 o e o . . .. 60.0
Fineness TAELI0 « + & 4« & & 4 4 v ¢ 4o s e 4 e s e e e e e e .. 8.1
Speed-~retarder area, sq ft 5.25

Power plant:
Rocket © v & o « v ¢ o « o & o« « « o a + « « o« « o « « « « « IRB-RM-6

Alrplene weight, 1b:
Pull rockebt fuel . ¢ ¢ + & ¢ v 4 o o o o« o o o « =+ « o « « « » 15,787
O FUEL v v v v ¢« v o & o o o 2 o o« s o « o« o o o «a o o« o« o 9h21

Center-of-gravity locations, percent M.A.C.:
Full rocket fuel (gear up) . . . . . . . .
Nofuelggearup) - 5
No fuel (gear doWn) . « « v « ¢ & o o o o o o = o = « o « « « 26.7
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Figure 1.~ Three~view drawing of the Douglas D-558-I1 research alrplane.
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(2) side view.

L-73282

(v) Three-querter front view.

Figure 2.- Photographs of the Douglas D-558-II research airplane.
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